(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(45) Date of publication and mention 
ot the grant of the patent: 
21.02.2001 Bulletin 2001/08 

(21) Application number: 94901666.1 

(22) Date of filing: 23.11.1993 



(11) EP 0 678 191 B1 

EUROPEAN PATENT SPECIFICATION 

(51) intci 7: G01D 18/00, A61B 6/00 



(86) International application number: 
PCT/US93/11385 

(87) International publication number: 

WO 94/12855 (09.06.1994 Gazette 1994/13) 



(54) APPARATUS AND IVIETHOD OF QUANTiFYING CALCIUiVI DENSITY 

VORRICHTUNG UNO VERFAHREN ZUR BESTIMMUNG DER KALZIUMKONZENTRATION 
DISPOSITIF ET PROCEDE DE QUANTIFICATION DE LA DENSITE DU CALCIUM 



m 

GO 
CO 

o 
□. 

LU 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority: 25.11.1992 US 981263 

(43) Date of publication of application: 
25.10.1995 Builetin 1995/43 

(73) Proprietor: ARNOLD, Ben A. 
Columbia, KY 42728 (US) 

(72) Inventor: ARNOLD, Ben A. 
Columbia, KY 42728 (US) 

(74) Representative: VOSSIUS & PARTNER 
Siebertstrasse 4 

81675 Munchen(DE) 



(56) References cited: 
AT-B- 394 654 
DE-A- 3 341 039 
DE-U-8 535 120 
US-A- 2 426 884 
US-A- 4 400 827 
US-A- 5 005 196 
US-A- 5 187 731 



CH-A- 679 013 
DE-A- 3 930 022 
US-A- 2 399 650 
US-A- 3 715 587 
US-A- 4 941 164 
US-A- 5 122 664 



PATENT ABSTRACTS OF JAPAN vol. 1 3 no. 502 
(P-958) ,13 November 1989 & JP-A-01 202683 
(KAGAKU GIJUTSUCHO HOSHASEN IGAKU 
SOGO KENKYUSHO) 15 August 1989, 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 0 678 191 B1 



2 



Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to a calibration 
device for radiography and X-ray computed tonnography 
systems, and more specifically to a calibration phantom 
which incorporates calcium into a human tissue equiv- 
alent material in terms of x-ray beam attenuation and 
scatter, and methods of fabrication and use of the same. 

DESCRIPTION OF THE RELATED ART 

[0002] Osteoporosis is the most common disorder of 

the human skeletal system, affecting up to 32 percent 
of women and 17 percent of men, depending upon the 
age group under consideration. Basically, osteoporosis 
is a disease process in which the mineral content (i.e., 
calcium content) of a person's skeletal system is grad- 
ually reduced, leading to a higher risk of fractures par- 
ticularly in the spine, hip, and wrist. Osteoporosis is a 
major medical problem. It has been estimated that ap- 
proximately 40,000 American women die per year from 
complications due to osteoporosis. 
[0003] In the past, osteoporosis was considered to be 
undiagnosable prior to the onset of symptoms, and un- 
treatable once it became symptomatic. Thus, it was fre- 
quently called the "silent disease." More recently, how- 
ever, techniques have been developed which detect the 
early mineral loss in a person's bones. Such techniques 
include computed tomography (GT) quantitative com- 
puted tomography (OCT) and dual-energy x-ray absorp- 
tometry (DEXA). 

[0004] Computed tomography uses an array of detec- 
tors to collect x-ray attenuation data from x-ray beams 
that pass through the body. The data are input as digital 
data to a computer, which processes that data and re- 
constructs planar cross-sectional images of the internal 
structures of the body through which the x-ray beams 
pass. 

[0005] DEXA uses a dual energy approach to com- 
pensate for tissue variations to allow quantification of 
bone mass in a projection image. QCT requires the use 
of a bone-equivalent calibration phantom which is 
scanned simultaneously with the patient to provide bone 
density measurements in axial images. 
[0006] Each of these methods require access to and 
use of sophisticated and relatively expensive equip- 
ment. In addition, the images produced can vary signif- 
icantly in response to a number of technical factors re- 
lated to the apparatus used, as well as errors caused by 
beam hardening and scattered radiation within the hu- 
man body. 

[0007] Plain film radiographs are frequently taken to 
qualitatively assess bone density throughout the body. 
Conventional radiographic apparatuses are widely 



available throughout the world and thus allow easy ac- 
cess for most patients. Although these radiographs pro- 
vide very high spatial resolution and indicate relative at- 
tenuation of neighboring tissues, they are highly inac- 

5 curate and subject to gross misjudgment in assessing 
the patient's condition in terms of bone mass. Due to a 
variety of technical factors, quantification of calcium 
density from single energy projection radiography has 
not been possible. 

10 [0008] In particular, quantitative x-ray measurements 
are influenced by x-ray beam hardening due to the 
broad spectral distribution of x-rays. As the x-rays pass 
through tissue or any other medium, lower energy x-rays 
are preferentially absorbed. This results in a shifting of 

?5 the effective beam energy to higher values. Thus, the 
quantitative results which are obtained will vary with the 
size and shape and composition of the particular pa- 
tient's anatomy. 

[0009] The detection and quantification of calcifica- 
20 tion in pulmonary nodules, coronary arteries, aortic cal- 
cification, breast tumors and the like has been a goal of 
clinical radiology for some time. Cine CT, dual energy 
digital subtraction fluoroscopy, and dual energy film sub- 
traction radiography have been tried. It has long been 
25 desirable, however, to quantify calcium or bone density 
in conventional x-ray projection images without using 
dual energy techniques. Stepwedges using material of 
varying thickness are frequently used in radiology for 
quality control testing of x-ray beam properties. By var- 
30 ying the thickness of the steps, the intensity and spectral 
content of the x-ray beam in the projection image can 
be varied. 

[0010] Stepwedges are commonly made of alumi- 
num, copper and other convenient and homogeneous 

35 materials of known x-ray attenuation properties. Step- 
wedges using bone-like absorption materials have been 
used in quality control tests to evaluate the ability of dual 
energy imaging to quantify pulmonary nodules, see 
Kruger, et al., "Dual Energy Film Subtraction Technique 

40 for Detecting Calcification in Solitary Pulmonary Nod- 
ules," Radjojogy, Vol. 140, pages 213-219, July 1981. 
Previous efforts have used bone phantoms imaged sep- 
arately from the patient to test the sensitivity of the tech- 
nique for quantification. These stepwedge-like phan- 

45 toms use calcium phosphate powder or calcium phos- 
phate powder in molten paraffin. Since the phantoms 
use powder and/or paraffin, they lack packing consist- 
ence, long term stability, and the homogeneity of mixing, 
which are desirable characteristics of a phantom used 

50 repeatedly over long periods of time. 

[0011] US-A-5 122 664 discloses a bone calcium ref- 
erence material which constitutes a plurality of sections, 
the radiation absorption amounts of which are known 
and vary step-like. The phantom is flat and consists of 

55 a plurality of "individual phantoms" each having a known 
radiation absorption. The phantom comprises sections 
in which the content (wt.%) of bone calcium, i.e., 
CaCOs, varies step-wise. 
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[0012] CH-A-679 013 refers to a phantom for deter- 
mining the mineral content in bones using computer to- 
mography and discloses a phantom comprising a com- 
pound of high molecular weight in which a calcium- 
phosphate compound is dispersed. The phantom has a 
single concentration, namely 60 wt.% or less as this is 
the concentration of normal bones. 
[0013] AT-B-394 654 discloses a test phantom for 
continuously monitoring the image quality in radiology. 
The phantom is made of a bone equivalent material, 
which is PVC, and consists of six PVC sheets each hav- 
ing a different size. 

[0014] DE-A-33 410 39 discloses a test phantom for 
evaluation a CT image of parts of the lung. The test 
phantom simulates tissue and organs and is made of a 
plastic material or a plastic compounds containing fill- 
ers, e.g., calcium carbonate or other plastic materials. 
The test phantom has a constant cross section, i.e., the 
test phantom is flat. 

[0015] JP-A-1 202 683 refers to a human body soft 
tissue equivalent material and its composition. The ma- 
terial comprises resins and calcium carbonate. 
[001 6] There is therefore a substantial need for an im- 
proved test phantom representative of human tissue 
containing calcium in a long-term stable format, and a 
low cost method of quantifying bone density and calcium 
content which is fast, accurate, reproducible and widely 
available. 

SUMMARY OF THE INVENTION 

[0017] The present invention utilizes an improved cal- 
ibration phantom formed of a material which simulates 
the properties of human tissue and contains calcium in 
a stable configuration and a modified technique to pro- 
vide improved accuracy and precision in the quantifica- 
tion of calcium; bone mass and bone density using con- 
ventional X-ray equipment. 

[0018] One aspect of the present invention is an im- 
proved solid water composition which comprises stable, 
human soft tissue equivalent materials with respect to 
x-ray attenuation and absorption characteristics. This 
solid water composition contains calcium homogene- 
ously blended throughout the matrix. The calcium is 
preferably calcium phosphate, or more preferably, cal- 
cium hydroxyapatite. The water equivalent matrix ap- 
proximates soft tissue, so that the incorporated calcium 
more accurately simulates bone or calcium in the body. 
[0019] A second aspect of the present invention is an 
improved calibration phantom which comprises the solid 
water composition containing calcium which is both sta- 
ble over long time periods and is homogeneously blend- 
ed. The calcium is so blended and incorporated into the 
tissue equivalent plastic compound that clumping and 
variation in concentrations of calcium throughout the 
material can be avoided. 

[0020] The method of fabricating the phantom of the 
present invention comprises forming the phantom from 



a low density polyethylene, calcium carbonate, and 
heavy magnesium oxide, and adding the desired con- 
centration of calcium phosphate or calcium hydroxyap- 
atite. By varying the loading of the calcium compound 

5 in the water-equivalent plastic, phantoms of various 
concentrations and densities can readily be fabricated 
and stepwedges of varying sizes and thicknesses can 
be constructed. The length and width of the individual 
steps can be varied depending on the area of the pa- 

10 tient's body to be measured and the detector system 
used. The concentration of calcium compound per unit 
volume of matrix material can be varied to effectively 
change the thicl^ness of the total stepwedge phantom. 
Since bone and calcium deposits in the body are known 

?5 to be composed mainly of calcium hydroxyapatite ^ the 
phantom provides a more accurate simulation of human 
bone for calibration purposes. 

[0021] In accordance with another aspect of the 
present invention there is provided a method of quanti- 
se tying calcium using a calibration phantom composed of 
the solid water and calcium composition. The method 
involves simultaneously imaging or scanning the cali- 
bration phantom and the patient for the purpose of quan- 
tifying the patient's bone mass. Under the method of the 
25 present invention, the calibration phantom is imaged or 
scanned simultaneously with the individual patient for 
every exam. By placing the calibration phantom in the 
x-ray beam with the patient, reference calibration sam- 
ples are present to allow corrections and calibration of 
30 the absorption properties of calcium and bone. When 
the phantom is imaged or scanned simultaneously with 
each patient, the variation in x-ray beam energy and 
beam hardening are corrected since the phantom and 
the patient both see the same x-ray beam spectrum. 
35 Each patient, having a different size, thickness, muscle- 
to-fat ratio, and bone content, attenuate the beam dif- 
ferently and thus change the effective x-ray beam spec- 
trum. It is necessary that the bone-equivalent calibration 
phantom be present in the same beam spectrum as the 
^0 patient's bone to allow accurate calibration. 

[0022] The calibration phantom materials and method 
of the present invention are suitable for use in both con- 
ventional radiography systems and computed tomogra- 
phy (CT) systems. In conventional radiography sys- 
45 terns, a stepwedge phantom fabricated from a matrix 
containing a desired concentration of calcium in varying 
thicknesses is used. In CT systems, a single bone min- 
eral density (BMD) phantom having varying concentra- 
tions of calcium is used. In addition, the stepwedge cal- 
50 ibration phantom of the present invention can be con- 
figured to be small enough and thin enough to be placed 
inside the mouth, and the method of the present inven- 
tion can be used to quantify bone mass using standard 
dental x-ray systems. 
55 [0023] In accordance with yet another aspect of the 
present invention, there is provided an attenuation ap- 
paratus used to standardize the patient-phantom atten- 
uating mass and shape. The apparatus contains a ho- 
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mogeneous tissue-like material positioned and con- 
tained within a bolusing structure. The structure is of a 
predeternnined and fixed size and shape. The tissue-like 
material consists, for example, of beads, gel, or water. 
The material is placed inside a bag which is placed with- 
in a holding structure to fix the shape and thickness of 
the tissue-like material. The calibration phantom is also 
positioned inside the structure at a fixed and reproduc- 
ible location. The patient's wrist, hand, or other part of 
the anatomy is placed inside structure. The lid of the 
structure is then closed, and the portion of the patient's 
anatomy within the structure is surrounded by the tis- 
sue-like material. This results in the production of a con- 
stant thickness of tissue-like material that is reproduci- 
ble. By fixing the thickness, x-rays which pass through 
the patient and bolusing apparatus are similarly attenu- 
ated, thus standardizing X-ray beam hardening. Further, 
each and all patients are imaged on the same appara- 
tus, or on identical apparatuses, such that a standard of 
reference can be developed which is independent of pa- 
tient size and tissue properties. 
[0024] In accordance with still another aspect of the 
present invention, an x-ray filter plate is located between 
the source of the x-ray beam and the surface of the ap- 
paratus. The filter preferentially absorbs and attenuates 
x-rays of known energies. By varying the filter thickness, 
the degree of filtering can be changed. The broad spec- 
tral distribution of the x-ray beam can be narrowed sig- 
nificantly by use of the filter. Beam hardening is reduced 
as the beam becomes more monoenergetic. The filter 
thickness and material is selected based upon patient 
anatomy and required x-ray intensity for a given x-ray 
detector, x-ray tube output, exposure time and the like. 
[0025] The present invention provides several advan- 
tages in improving the accuracy and precision of calci- 
um, bone mass and bone density measurements. The 
constant path length of x-ray attenuation produces con- 
sistent and predictable beam hardening since the phan- 
tom and patient are both now surrounded by tissue-like 
material. Edge effects due to the phantom being placed 
at the edge of the field or in air near the patient's anat- 
omy are removed. Cross-hairs may be placed on the 
apparatus for centering within the x-ray field, such that 
positioning and localization are facilitated on initial and 
repeat exams. 

[0026] The improved method of use of the stepwedge 
calibration phantom of the present invention is simple to 

apply low-cost and greatly improves the accuracy of cal- 
cium and bone quantification in radiography. It is useful 
in both single energy and dual energy imaging tech- 
niques and allows new applications such as dental bone 
densitometry using conventional x-ray equipment and 
dental x-ray film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIGURE 1 is a perspective view of the step- 
wedge calibration phantom of the present invention. 



[0028] FIGURE 2 is a top view of the stepwedge cal- 
ibration phantom of the present invention placed adja- 
cent to the wrist of a patient prior to the simultaneous x- 
ray projection imaging of the patient's hand and wrist 
5 bones and the calibration phantom. 

[0029] FIGURE 3 is a side view taken along the line 
3-3 in FIGURE 2, showing simultaneous imaging of the 
calibration phantom and the patient's hand and wrist 
bones. 

10 [0030] FIGURE 4 is a cross-sectional top view of the 
attenuation apparatus of the present invention, showing 
the patient's hand and wrist inserted into the bolusing 
structure and the calibration phantom of the present in- 
vention placed adjacent to the patient's wrist for simul- 

?5 taneous x-ray imaging through the attenuation appara- 
tus. 

[0031] FIGURE 5 is a cross-sectional side view taken 
along the line 5-5 in FIGURE 4, showing the patient's 
arm and wrist bones adjacent to the calibration phantom 
20 surrounding by tissue equivalent material inside the at- 
tenuation apparatus of the present invention. 
[0032] FIGURE 6 is a diagrammatic representation of 
a typical transaxial tomographic slice provided by a CT 
scan, showing the calibration phantom of the present 
25 invention positioned beneath the patient's body, and the 
patient and phantom surrounded by tissue equivalent 
material and a quasi monoenergetic x-ray filter. 
[0033] FIGURE 7 is a top view of the CT couch pad 
of the present invention, showing the reference phan- 
30 tom positioned inside the pad. 

[0034] FIGURE 8 is a cross-sectional view of the 
couch pad taken along the line 8-8 in FIGURE 7. 
[0035] FIGURE 9 is a perspective view of a second 
embodiment of the stepwedge calibration phantom of 
35 the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0036] Referring to FIGURE 1, there is shown the 
^0 stepwedge calibration phantom 5 of the present inven- 
tion. The stepwedge phantom 5 comprises a material 
which is substantially equivalent to human soft tissue in 
regard to x-ray absorption and attenuation properties, 
blended with a calcium compound, resulting in a calibra- 
45 tion phantom having a known concentration of calcium. 
In the preferred embodiment shown in FIGURE 1, the 
bone equivalent material is fabricated into a configura- 
tion having increasing step height. Those skilled in the 
art will recognize that other configurations can be uti- 
50 lized without departing from the spirit of the present in- 
vention. 

[0037] As illustrated in FIGURE 9, the bone equiva- 
lent material is capable of being configured such that 
the resulting stepwedge is very thin. This allows new ap- 

55 plications, such as the use of a stepwedge in dental x- 
rays, using conventional dental x-ray imaging systems. 
[0038] The material utilized for the calibration phan- 
toms of the present invention comprises a low atomic 
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number material which is approximately tissue equiva- 
lent in regard to x-ray attenuation properties, which can 
be easily molded and fabricated Into the desired ge- 
ometries and which, in addition, is stable over prolonged 
periods of time. The preferred candidate is a proprietary 
mixture of material containing linear low density poly- 
ethylene, combined with calcium carbonate and heavy 
magnesium oxide. 

[0039] In a preferred embodiment, the tissue equiva- 
lent material is fabricated by combining 91 .45% low den- 
sity polyethylene (LDPE) (powder form, 0.928 g/cc spe- 
cific gravity, melt index = 2, Polymerland, Los Angeles, 
California), 5.4% calcium carbonate (98% pure powc r, 
UPS grade, 4 micron size, impurities known and listed, 
Pfizer, Los Angeles, California), and 2.9% heavy mag- 
nesium oxide (white powder, 3.58 g/cc specific gravity, 
Vivion Chemical, Los Angeles, California), all by weight. 
This material may additionally be advantageously dyed 
with 0.25% Ultra Marine Blue dye (0.25% by weight, 
PMS Consolidated, Los Angeles, California), or other 
non-metallic dyes well-known to those skilled in the art. 
To produce the calibration references, calcium is added 
to the tissue equivalent matrix. This calcium is prefera- 
bly in the form of calcium phosphate or calcium hy- 
droxyapatite (tribasic powder, Vivion Chemical, Los An- 
geles, California). Material containing calcium in a con- 
centration of 0.4 g/cc is used to fabricate the stepwedge 
calibration reference 5. To create the phantom used in 
CT systems, calcium is added to achieve final calcium 
concentrations of 0, 50, 100, and 200 mg/cc. 
[0040] The materials are blended in powder form us- 
ing a high intensity blender. The materials must be 
blended such that there is homogeneity and reproduci- 
bility on the order of about 0.2% within each sample and 
between samples. After blending, the mixture is extrud- 
ed to pellets using a twin screw extruder. The resulting 
material is then compression molded into the desired 
configuration. 

[0041] A method of using the stepwedge calibration 
phantom of the present invention to quantify bone min- 
eral density using a conventional projection x-ray imag- 
ing system will now be explained with reference to FIG- 
URES 2 and 3. As is well-known, the x-ray imaging sys- 
tem is composed generally of a high voltage generator 
x-ray tube (not shown), a tabletop or platform 10, and 
an x-ray imaging detector 15 which typically comprises 
a digital video detector, a solid state detector or x-ray 
film. In operation, as illustrated in FIGURE 2, the pa- 
tient's hand and wrist 20 are placed flat on the x-ray table 
10. The stepwedge phantom 5 is placed adjacent to the 
patient's wrist 20. As illustrated in FIGURE 3, X-rays em- 
anating from the x-ray tube (not shown) travel through 
the patient's hand and wrist 20 and the calibration phan- 
tom 5 simultaneously, and through the x-ray table 10 to 
impinge upon the x-ray imaging detector 15. The result- 
ant image sensed by the detector 15 may then pass 
through an amplifier and a computer for processing, or 
may be recorded on x-ray film in a developer. The re- 



sulting image of the stepwedge phantom 5 is compared 
to the resulting image of the patient's hand and wrist 
bones. The patient's bone mass is then quantified, 
based on the density and thickness of the bone. 

5 [0042] Referring now to FIGURES 4 and 5, there is 
shown a second embodiment of the present invention, 
which uses an attenuation apparatus 20 to standardize 
the pat lent -phantom x-ray beam attenuating mass and 
shape. The apparatus 20 contains a homogeneous tis- 

10 sue equivalent material 25 contained within a flexible 
bag 30 within a holding structure 35. The structure 35 is 
of a predetermined and fixed size and shape. The tis- 
sue-like material 25 consists, for example, of beads, gel 
or water. The material 25 is placed inside a donut- 

?5 shaped bag 30 which is placed within the holding struc- 
ture 35 to fix the shape and thickness of the tissue-like 
material 25. The calibration phantom 5 is also positioned 
inside the structure at a fixed and reproducible location. 
The patient's wrist 20 is placed inside the center of the 

20 bag of tissue equivalent material 30 within the structure 
35. The lid of the structure 40 is then closed, and the 
patient's wrist 20 and the calibration phantom 5 are sur- 
rounded by the tissue-like material 20. This results in 
the production of a constant thickness of tissue-like ma- 

25 terial that is reproducible. X-rays emanating from the x- 
ray tube (not shown) travel through the attenuation ap- 
paratus 35, through the patient's wrist 20 and the cali- 
bration phantom 5 simultaneously, and through the x- 
ray table 10 to impinge upon the x-ray imaging detector 

30 1 5. The resultant image sensed by th e detector 1 5 may 
then pass through an amplifier and a computer for 
processing, or may be recorded on x-ray film in a devel- 
oper. The resulting image of the stepwedge phantom 5 
is compared to the resulting image of the patient's wrist 

35 bones, and the patient's bone mass is quantified. By fix- 
ing the thickness of the tissue equivalent material 25 
surrounding the patient's bones and the stepwedge cal- 
ibration phantom 5, the x-rays are similarly attenuated, 
thus standardizing the beam hardening. 

40 [0043] As illustrated in FIGURE 5, an x-ray fitter is 
used as the lid 40 of the attenuating apparatus 35. The 
quasi monoenergetic x-ray filter plate is located be- 
tween the source of the x-ray beam (not shown) and the 
apparatus 35. The filter 40 preferentially absorbs and 

45 attenuates x-rays of known energies. By varying the fil- 
ter thickness, the degree of filtering can be changed. 
The broad spectral distribution of the x-ray beam can be 
narrowed sign if icantly by use of the filter 40. Beam hard- 
ening is reduced as the beam becomes more monoen- 

50 ergetic. The filter 40 is preferably made from copper, ce- 
rium, gadolinium, or other K-edge filters well known to 
those of skill in the art. 

[0044] Referring now to FIGURE 6, there is shown a 
reconstructed computed tomography image, showing 

55 the cross-section of the patient 45 and the bone mineral 
density (BMD) calibration phantom 50 surrounded by a 
tissue equivalent bolus 55, which is surrounded by a 
quasi monoenergetic x-ray filter 60. Generally, quanti- 
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tative CT (QCT) bone densitometry is perfornned using 
a standard CT scanner. The patient lies on top of the 
BMD calibration phantom 50, which comprises samples 
of 0, 50, 100 and 200 mg/cc calcium hydroxyapatrte in 
a tissue equivalent matrix. An x-ray source and collima- 
tor (not shown) project a thin fan-shaped beam of radi- 
ation which passes through the patient 45 and the BMD 
phantom 50 simultaneously, and which is then received 
by an x-ray detector (not shown). These signals are 
processed in a data acquisition system, and used by a 
computer to execute the image reconstruction algo- 
rithm. The resulting images of the patient 45 and the 
BMD calibration phantom 50 with its known calcium 
densities are compared to quantify the bone mineral 
density of the patient. The above-described computed 
tomography system is well known in the art. 
[0045] Turning now to FIGURES 7 and 8, there is 
shown a couch pad 65 containing the BMD calibration 
phantom 50 of the present invention, suitable for use 
with QCT imaging systems. As shown in FIGURE 7, the 
pad 65 contains a BMD calibration phantom 50 sur- 
rounded by tissue equivalent material 70. As illustrated 
in FIGURE 8, the pad contains a top layer of a tissue 
equivalent gel 71, and a bottom portion which is filled 
with a thicker, firmer layer of the gel 72. As the patient 
lies on the pad 65, the pad 65 contours into the patient's 
spine, eliminating air space between the patient's body 
and the BMD calibration phantom 50. QCT bone densi- 
tometry is performed using a standard CT scanner. The 
patient lies on top of the pad 65 containing the BMD cal- 
ibration phantom 50, which comprises samples of 0, 50, 
100 and 200 mg/cc calcium hydroxyapatite in a tissue 
equivalent matrix. An x-ray source and collimator (not 
shown) project a thin fan-shaped beam of radiation 
which passes through the patient and the BMD phantom 
50 simultaneously, and which is then received by an x- 
ray detector (not shown). These signals are processed 
in a data acquisition system, and used by a computer to 
execute the image reconstruction algorithm. The result- 
ing images of the patient 45 and the BMD calibration 
phantom 50 with its known calcium densities are com- 
pared to quantify the bone mineral density of the patient. 
[0046] Although for purposes of illustration certain 
materials, configurations, and sizes have been speci- 
fied, those skilled in the art will recognize that various 
modifications can be made to the same without depart- 
ing from the spirit of the present invention, and it is in- 
tended that the scope of this invention not be limited to 
the specific embodiments set forth herein. Accordingly, 
the scope of the invention is intended to be defined only 
by the claims which follow. 



Claims 

1 . A calibration reference phantom (5) for use in quan- 
tifying bone density using a projection x-ray imaging 
system, characterized by: 



a plastic-like base material including blended 
additives, the base material being substantially 
soft tissue equivalent with respect to x-ray at- 
tenuation properties; and 
5 a bone equivalent material, said bone equiva- 

lent material including calcium blended homo- 
geneously into the plastic-like base material, so 
that the phantom (5) is stable and substantially 
bone equivalent with respect to x-ray attenua- 
te tion properties and formed into a first effective 
thickness to provide for a first attenuation for x- 
rays and a second effective thickness to pro- 
vide for a second attenuation for x-rays. 

?5 2. The reference phantom of Claim 1, wherein the 
bone equivalent material comprises calcium hy- 
droxyapatite. 

3. The reference phantom of Claims 1 or 2, wherein 
20 the plastic-like base material comprises polyethyl- 
ene into which the additives are mixed, the additives 
including calcium carbonate and magnesium oxide. 

4. The reference phantom of any preceding Claim, 
25 wherein the phantom (5) has a stepwedge shape. 

5. A method of quantifying bone density in a living sub- 
ject using a projection x-ray imaging system and a 
calibration reference phantom (5), characterized by 

30 the steps of: 

placing the phantom (5) adjacent to a portion 
of the subject, the phantom (5) having one or 
more effective thicknesses and comprising: 

35 

additives blended into a plastic-like base 
material, so that the plastic-like material is 
substantially soft tissue equivalent with re- 
spect to attenuation properties for x-rays; 
40 and 

a calcium compound homogeneously 
blended into the plastic-like base material, 
so that the phantom (5) is stable and sub- 
stantially bone equivalent with respect tox- 
45 ray attenuation properties and the effective 

thicknesses provide at least one calibra- 
tion; 

creating representations of the phantom (5) 
50 and the portion of the subject simultaneously 

using an x-ray detector and at least one x-ray 
exposure of at least one x-ray energy; and 
comparing the representations of the phantom 
(5) and the portion of the subject to quantita- 
55 lively determine bone density in the subject. 

6. The method of Claim 5, wherein the representations 
are electronic representations. 
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7. The method of Claim 5, wherein the x-ray exposure 
has at least two x-ray energies. 

8. The method of Claims 5, 6 or 7, further comprising 
the steps of: 

emitting an area beam of radiation from an x- 
ray source of the x-ray system; and 
simultaneously exposing the portion of the sub- 
ject and the phantom (5) with the beam of radi- 
ation. 

9. The method of Claim 8, further comprising generat- 
ing the beam of radiation with an x-ray tube and x- 
ray generator. 

10. The method of Claims 5, 6, 7, 8 or 9, further com- 
prising using a digital detector to create the repre- 
sentations. 

11. The method of Claims 5, 6, 7, 8 or 9, further com- 
prising using a solid state detector to create the rep- 
resentations. 

12. The method of Claims 5, 6, 1 , 8 or 9, further com- 
prising using x-ray film to create the representa- 
tions. 

13. The method of Claim 9, further comprising using an 
x-ray source that generates a beam of at least one 
energy. 

14. The method of Claim 5, further comprising using a 
phantom (5) having a stepwedge shape. 

15. The method of Claim 5, further comprising using a 
computer to compare the representations. 

16. The method of Claim 5, further comprising the step 
of placing the phantom (5) and the portion of the 
patient's anatomy within an apparatus comprising 
a container having x-ray attenuating material in a 
bolusing structure of a fixed size and shape, such 
that the x-ray beam which passes through the pa- 
tient and the phantom (5) is similarly attenuated and 
has a constant path length. 

17. The method of Claim 16, furthercomprising the step 
of placing an x-ray filter plate between the appara- 
tus and the x-ray beam to predictably attenuate the 
x-ray beam. 

18. The method of Claims 5 or 16, wherein the step of 
placing the phantom (5) includes positioning the 
phantom (5) inside the patient's mouth. 



Patentanspruche 

1. Kalibrierreferenzmodell (5) zur Verwendung beim 
Quantifizieren von Knochendichte unter Verwen- 

5 dung eines Projektionsrontgenabbildungssystems, 

gekennzeichnet durch: 

ein l<unststoffahnliches Basismaterial mit ver- 
mischten Zusatzen, wobei das Basismaterial 
?o im wesentlichen weichgewebeaquivalent in be- 

zug auf Rontgenstrahlenabschwachungsei- 

genschaften ist; und 

ein knochenaquivalentes Material, wobei das 
knochenaquivalente Material Calcium auf- 
^5 we ist, das homogen in das kunststoffahnliche 

Basismaterial gemischt ist, so daB das Modell 
(5) stabil und im wesentlichen knochenaquiva- 
lent in bezug auf die Rontgenstrahlenabschwa- 
chungseigenschaften ist, und das ausgebildet 
20 ist zu einer ersten effektiven Dicke, um fur eine 

erste Abschwachung fur Rontgenstrahlen zu 
sorgen, und einer zweiten effektiven Dicke, um 
fur eine zweite Abschwachung fur Rontgen- 
strahlen zu sorgen. 

25 

2. Referenzmodell nach Anspruch 1, wobei das kno- 
chenaquivalente Material Calciumhydroxyapatit 
aufweist. 

50 3. Referenzmodell nach Anspruch 1 oder2, wobei das 
kunststoffahnliche Basismaterial Polyethylen auf- 
weist, in das die Zusatze gemischt sind, wobei die 
Zusatze Calciumcarbonat und Magnesiumoxid auf- 
weisen. 

35 

4. Referenzmodell nach einem der vorhergehenden 
Anspruche, wobei das Modell (5) eine Stufenkeil- 
form hat. 

^0 5. Verfahren zum Quantifizieren von Knochendichte in 
einem Lebewesen unter Verwendung eines Projek- 
tionsrontgenabbildungssystems und eines Kali- 
brierreferenzmodells (5), gekennzeichnet durch die 

Schritte: 

45 

Anordnen des Modells (5) neben einem Ab- 
schnitt des Lebewesens, wobei das Modell (5) 
eine Oder mehrere effektive Dicken hat und auf- 
weist: 

50 

Zusatze, die in ein kunststoffahnliches Ba- 
sismaterial gemischt sind, so daB das 
kunststoffahnliche Material im wesentli- 
chen weichgewebeaquivalent in bezug auf 
55 die Abschwachungseigenschaften fur 

Rontgenstrahlen ist; und 
eine Calciumverbindung, die homogen in 
das kunststoffahnliche Basismaterial ge- 
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mischt ist, so da3 das Modell (5) stabil und 
im wesentlichen knochenaquivalent in be- 
zug auf die Rontgenstrahlenabschwa- 
chungseigenschaften ist und die effektiven 
Dicken mindestens eine Kalibrierung er- 
mogliclien; 

gleiclizeitige Erzeugungvon Darstellungendes 
Modells (5) und des Absclinitts des Lebewe- 
sens unter Verwendung eines Rontgendetek- 
tors und mindestens einer Rontgenbeliclntung 
von mindestens einer Rontgenstrahlenenergie; 
und 

Vergleichen der Darstellungen des IVIodells (5) 
und des Abschnitt des Lebewesens, um die 
Knochendiclite im Lebewesen quantitativ zu 
bestimmen. 

6. Verfahren nach Anspruch 5, wobei die Darstellun- 
gen elektronisclie Darstellungen sind. 

7. Verfahren nacli Anspruch 5, wobei die Rontgenbe- 
lichtung mindestens zwei Rontgenstrahlenergien 
hat. 

8. Verfahren nach Anspruch 5. 6 oder 7, f erner mit den 

Schritten: 

Emittieren eines Flachenstrahls einer Strah- 
lung aus einer Rontgenquelle des Rontgensy- 
stems; und 

gleichzeitiges Belichten des Abschnitts des Le- 
bewesens und des Modells (5) mit dem Strahl 
einer Strahlung. 

9. Verfahren nach Anspruch 8, ferner mit dem Schritt: 
Erzeugen des Strahls einer Strahlung mit einer 
Rontgenrohre und einem Rontgenstrahlerzeuger. 

10. Verfahren nach Anspruch 5, 6, 7, 8 oder 9, ferner 
mit dem Schritt: Verwendung eines digitalen Detek- 
tors, um die Darstellungen zu erzeugen. 

11. Verfahren nach Anspruch 5, 6, 7, 8 oder 9, ferner 
mit dem Schritt: Verwenden eines Festkorperdetek- 
tors, um die Darstellungen zu erzeugen. 

12. Verfahren nach Anspruch 5, 6, 7, 8 oder 9, ferner 
mit dem Schritt: Verwendung des Rontgenfilms, um 
die Darstellungen zu erzeugen. 

13. Verfahren nach Anspruch 9, ferner mit dem Schritt: 
Verwendung einer Rontgenstrahlquelle, die einen 
Strahl mit mindestens einer Energie erzeugt. 

14. Verfahren nach Anspruch 5, ferner mit dem Schritt: 
Verwendung eines Modells (5) mit einer Stufenkeil- 
form. 



15. Verfahren nach Anspruch 5, ferner mit dem Schritt: 
Verwendung eines Computers, um die Darstellun- 
gen zu vergleichen. 

5 16. Verfahren nach Anspruch 5, ferner mit dem Schritt: 
Anordnen des Modells (5) und des Abschnitts der 
Anatomie des Patienten in einer Vorrichtung, die ei- 
nen Behalter mit einem Rontgenstrahlenabschwa- 
chungsmaterial in einer Bolusstruktur mit einer fe- 

10 sten GroBe und Form aufweist, so daB der Ront- 
genstrahl, der den Patienten und das Modell (5) 
durchdringt; gleichermaBen abgeschwacht wird 
und eine konstante Weglange hat. 

?5 17. Verfahren nach Anspruch 16, ferner mit dem 
Schritt: Anordnen einer Rontgenstrahlenfilterplatte 
zwischen der Vorrichtung und dem Rontgenstrahl, 
um den Rontgenstrahl vorhersagbar abzuschwa- 
chen. 

20 

18. Verfahren nach Anspruch 5 oder 16, wobei der 
Schritt des Anordnens des Modells (5) das Positio- 
nieren des Modells (5) im Mund des Patienten auf- 
weist. 

25 

Revendications 

1. Fantome de reference d'etalonnage (5) pour la 
30 quantification d'une densite osseuse en utilisant un 

systeme d'imagerie par projection de rayons X, ca- 
racterise par : 

une matiere de base telle que du plastique in- 
35 cluant des additifs melanges, la matiere de ba- 

se etant sensiblement equivalente a un tissu 
mou en ce qui concerne les proprietes d'atte- 
nuation des rayons X ; et 
une matiere equivalente a un os, ladite matiere 
^0 equivalente a un os incluant du calcium melan- 

ge d'une fagon homogene dans la matiere de 
base telle que du plastique, de sorte que le fan- 
tome (5) soit stable et sensiblement equivalent 
a un OS en ce qui concerne les proprietes d'at- 
45 tenuation des rayons X et forme en une premie- 

re epaisseur effective pour obtenir une premie- 
re attenuation des rayons X et en une seconde 
epaisseur effective pour obtenir une seconde 
attenuation des rayons X. 

50 

2. Fantome de reference selon la revendication 1, 
dans lequel la matiere equivalente a un os com- 
prend une hydroxyapatite de calcium. 

55 3. Fantome de reference selon la revendication 1 ou 
2, dans lequel la matiere de base telle que du plas- 
tique comprend un polyethylene dans lequel les ad- 
ditifs sont melanges, les additifs incluant un carbo- 
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nate de calcium et un oxyde de magnesium. 

4. Fantome de reference selon Tune quelconque des 
revendications precedentes, dans lequel le fanto- 
me (5) a une forme de coins etages. 

5. Precede de quantification d'une densite osseuse 
dans un sujet vivant en utilisant un systeme d'ima- 
gerie par projection de rayons X et un fantome de 
reference d'etalonnage (5), caracterise par les eta- 
pes de : 

mise en place du fantome (5) de fagon adjacen- 
te ^ une partie du sujet, le fantCme (5) ayant 
une ou plusieurs epaisseurs effectives et 
comprenant : 

des additifs melanges dans une matiere de 
base telle que du plastique, de sorte que 
la matiere telle que du plastique soit sen- 
siblement equivalente a un tissu mou en ce 
qui concerne les proprietes d'attenuation 
des rayons X ; et, 

un compose de calcium melange de fagon 
homogene dans la matiere de base telle 
que du plastique, de sorte que le fantome 
(5) soit stable et sensiblement equivalente 
a un OS en ce qui concerne les proprietes 
d'attenuation des rayons X et les epais- 
seurs effectives fournissent au moins un 
etalonnage ; 

creation de representations du fantome (5) et 
de la partie du sujet simultanement en utilisant 
un detecteur de rayons X et au moins une ex- 
position aux rayons X d'au moins une 6nergie 
de rayons X ; et, 

comparaison des representations du fantome 
(5) et de la partie du sujet pour determiner 
quantrtativement une densite osseuse dans le 
sujet. 

6. Precede selon la revendication 5, dans lequel les 
representations sont des representations electroni- 
ques. 

7. Procede selon la revendication 5, dans lequel I'ex- 
position aux rayons X a au moins deux Energies de 

rayons X. 

8. Procede selon la revendication 5, 6 ou 7, compre- 
nant en outre les etapes de : 



ment. 

9. Procede selon la revendication 8, comprenant en 
outre la generation du faisceau de rayonnement 

5 avec un tube a rayons X et un generateur de rayons 
X. 

10. Procede selon la revendication 5, 6, 7. 8 ou 9, com- 
prenant en outre I'utilisation d'un detecteur numeri- 

10 que pour creer les representations. 

11 . Procede selon la revendication 5, 6, 7, 8 ou 9, com- 
prenant en outre I'utilisation d'un detecteur electro- 
nique pour cr6er les representations. 

15 

12. Procede selon la revendication 5, 6, 7, 8 ou 9, com- 
prenant en outre I'utilisation d'un film a rayons X 
pour creer les representations. 

20 13. Procede selon la revendication 9, comprenant en 
outre I'utilisation d'une source de rayons Xqui ge- 
nere un faisceau d'au moins une energie. 

14. Procede selon la revendication 5, comprenant en 
25 outre I'utilisation d'un fantome (5) ayant une forme 

de coins etages. 

15. Procede selon la revendication 5, comprenant en 
outre I'utilisation d'un ordinateur pour comparer les 

30 representations. 

16. Procede selon la revendication b, comprenant en 
outre I'etape de mise en place du fantome (5) et de 
la partie de I'anatomie du patient a I'interieur d'un 

35 appareil comprenant un recipient comportant une 
matiere d'attenuation des rayons Xdans une struc- 
ture de grosse pilule de taille et de forme fixes, de 
maniere a ce que le faisceau de rayons X qui passe 
a travers le patient et le fantome (5) soit similaire- 
40 ment attenue et ait une longueur de parcours cons- 
tante. 

17. Procede selon la revendication 16, comprenant en 
outre I'etape de mise en place d'une plaque de fil- 

45 trage de rayons X entre I'appareil et le faisceau de 
rayons X pour attenuer d'une maniere previsible le 
faisceau de rayons X. 

18. Procede selon la revendication 5 ou 16, dans lequel 
50 I'etape de mise en place du fantome (5) comprend 

le positionnement du fantome (5) a I'interieur de la 
bouche du patient. 



35 



40 



emission d'un faisceau de zone d'un rayonne- 
ment provenant d'une source de rayons X du 55 
systeme a rayons X ; et^ 
exposition simultanee de la partie du sujet et 
du fantome (5) avec le faisceau de rayonne- 
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